We present a case of a rarely seen anomalous circumflex (Cx) artery originating from the proximal right coronary artery. This was an incidental finding during a diagnostic coronary angiogram performed to investigate a patient with acute coronary syndrome. Surgically significant disease was present in four left-sided vessels. The patient underwent coronary artery bypass grafts using left internal thoracic artery and long saphenous vein grafts to all four left sided vessels including the aberrant Cx. We also present a discussion of current relevant literature and guidelines in relation to definition, classification, incidence, diagnosis, clinical relevance and treatment of this type of coronary artery anomalies.
Case Report
A 64-year-old Caucasian male presented to our hospital with new, sudden onset, chest pain and shortness of breath. Risk factors included smoking, hypertension and hyperlipidaemia. There were no significant co-morbidities and his past medical history was clear. Physical examination was unremarkable.
A provisional diagnosis of acute coronary syndrome led to the following investigations: Electrocardiogram which showed sinus rhythm and T-wave inversion in leads V2-V6, blood tests with Troponin rise of 0.07, normal biochemistry and normal chest radiograph. Transthoracic echocardiography demonstrated basal-inferior hypokinesis, normal mitral and aortic valves and preserved left ventricular (LV) systolic function.
Coronary angiography revealed a right dominant system with normal left main stem. Significant disease was present in the proximal and mid parts of the left anterior descending (LAD), diagonal (Dx) and intermediate (Int) arteries. The circumflex (Cx) artery had aberrant origin from the proximal right coronary (RCA) artery with severe proximal/mid vessel disease (Figure 1) . It coursed behind the aorta and pulmonary artery. The obtuse marginal (OM) branch originated from the Cx and was occluded with retrograde filling (Figure 2) . The RCA did not have surgically significant disease. Good LV systolic function was confirmed.
The patient underwent on pump coronary artery bypass grafts (CABG). Left internal thoracic artery was anastomosed to the LAD, long saphenous vein was used for grafts to Dx, Int and OM. Postoperative course was uneventful and the patient was discharged home after eight days.
Discussion
Coronary artery anomalies (CAA) are a diverse group of congenital disorders with highly variable clinical relevance and pathophysiological mechanisms. No single institution has collected a large enough series to clarify the natural prognosis of each entity. This contributes to ongoing controversy in relation to incidence and clinical identification of these lesions, especially the ones that could lead to angina or sudden cardiac death. Screening and management strategies have caused and are still causing debate among protagonists and antagonists.
Definition
In an attempt to ascertain consistency in reporting CAAs Angellini et al. (2007) proposed specific criteria to define normal coronary anatomy. The names of coronary arteries are assigned according to their dependent territory, not according to their origin or proximal course.
1) The RCA is the vessel that provides blood flow to the right ventricular free wall. It is not essential for the posterior descending branch to originate from the RCA (the most common pattern) or that the ostium of the RCA be located at the right anterior sinus of Valsalva (which is normal).
2) The LAD is the vessel that provides blood flow to the anterior interventricular septum. It is not essential for the Dx to originate from this vessel (as is normal).
3) The Cx is the vessel that provides blood flow to the free wall of the left ventricle, on the obtuse margin of the heart [1].
Classification
Seven major categories of coronary artery anomalies have been described [2] . 1) Anomalous pulmonary artery origins of the coronaries;
2) Anomalous aortic origins of the coronaries; 3) Congenital atresia of the left main coronary artery; 4) Coronary artery fistulas; 5) Coronary artery bridging; 6) Coronary aneurysms; 7) Coronary stenosis.
Incidence
Incidence of CAAs ranges from 0.3% to 5.6%. Most studies are limited by entry biases and a lack of clear diagnostic criteria and they vary from retrospective reviews of diagnostic coronary angiograms, to autopsy series. In 18,950 autopsies, Alexander and Griffith (1956) observed only 54 coronary anomalies (0.3%) [3] . Angelini et al. (1999) performed an ad hoc study of 1950 diagnostic consecutive coronary angiograms using specific criteria for CAAs and found a 5.6% incidence [4] . Other investigators have reported incidences close to 1% [5] [6] [7] [8] [9] .
Antopol and Kugel (1933) first described anomalous origin of the Cx from the proximal RCA or right sinus of Valsalva (RSV) [10] . Yamanaka et al. (1990) and Topaz et al. (1992) found that approximately 27% of coronary anomalies were Cx arising from RCA or RSV. It was the second most common anomaly [5, 6] . Wilkins et al. (1988) reported incidence of 45% in their series (most common coronary anomaly) [7] . Garg et al. (1999) reported incidence of 36% in their cohort (second most common anomaly) [8] .
Diagnosis
Two angiographic signs have been described to allow recognition of this anomaly.
Aortic root sign: During left ventriculography in a right anterior oblique projection is a profile view of the anomalous Cx as it courses posteriorly behind the right sinus of Valsalva. The single exception to this observation is in the case where the artery is completely occluded at its origin.
Sign of non-perfused myocardium: During selective opacification of the left coronary artery an avascular area in the posterior lateral left ventricular myocardium suggests anomalous origin of the Cx. Sub-selective injection of the LAD or separate origin of the Cx from the left sinus of Valsalva are easily ruled out by left cusp injections [11] .
Figures 3 and 4 (respectively) demonstrate those signs in our patient's angiogram.
Clinical Relevance
Coronary anomalies have been implicated in chest pain, sudden death, cardiomyopathy, syncope, dyspnoea, ventricular fibrillation, and myocardial infarction [4] .
Anomalous origin of a coronary artery from the opposite sinus (ACAOS) has been recognized as having serious prognostic implications in young individuals [12] [13] [14] .
A landmark study at the American Armed Forces Institute of Pathology reviewed 6.3 million 18-year-old recruits who underwent intense military training for 8 weeks. Some 64 cardiac deaths occurred. 21 (33%) were related to ACAOS of the left coronary artery. No other CAAs resulted in cardiac death [15] .
In cases of ectopic origination of a CAA, only 1 spe- cific abnormal course, traditionally called interarterial (IAC), or "between the aorta and pulmonary artery", is associated with a severe prognosis [1] . However, angiographic documentation of abnormal coronary anatomy has not led to any evidence based or consensus recommendations for functional testing and treatment. Exercise tests, intended to reproduce symptoms or to induce changes in electrocardiographic or nuclear-imaging parameters, have produced false-negative or confusing results [16] .
Screening
Current guidelines, especially in those younger than age 50 years, recommend coronary CT or MRI for more accurate definition of coronary course in persons suspected of having anomalous coronary origins [17, 18] .
Relation of CAAs to Coronary Artery Disease
There is ongoing debate among researchers as to whether CAAs predispose relevant coronary arteries to atherosclerosis. Most authors agree that there is no definitive evidence that patients with CAAs have a higher risk of developing ischaemic heart disease [6] [7] [8] 19 ]. Garg et al. reported incidence of 28% of atherosclerotic involvement of anomalous left Cx artery [8] . Topaz et al. found coronary atherosclerosis of the anomalous arteries in 28% of patients, while the overall incidence of the disease in their series was 65%. They concluded that, anomalous coronary arteries do not appear to be associated with an increased risk for development of coronary atherosclerosis [6] . In one of the largest to date review series, Wilkins et al found that 71% of patients with anomalous circumflex artery had significant coronary atherosclerosis in the proximal portion of the anomalous vessel. They postulated that the posterior course of the anomalous vessel may predispose it to atherosclerosis. The overall incidence of coronary atherosclerotic disease was 68% (64 of 94 patients) in their cohort [7] . Rigatelli et al. reviewed 15,000 coronary angiograms and concluded that CAAs did not appear to be an accelerating factor for coronary atherosclerosis in otherwise low risk patients [19] .
Treatment
Symptomatic carriers of ACAOS have three management options: Observation, percutaneous intervention with stent and surgical repair. Surgical correction, which is especially recommended for left-ACAOS that involves a large territory at risk, may consist of 1) direct re-implantation of the ectopic artery at the aortic root (a technically difficult approach); 2) un-roofing of the intramural coronary segment, from the ostium to the exit point, off the aortic wall; or 3) osteoplasty, which creates a new ostium at the end of the ectopic artery's intramural segment [20] .
Two large published series of surgical experience in coronary anomalies contain only a few ACAOS cases, and even fewer have an IAC [21, 22] .
In the largest reported cohort of adult patients with ACAOS coming from a single institution's database collected over a 40-year period, survival was similar regardless of whether medical or surgical therapy was employed. Furthermore no appreciable improvement in long-term survival was seen in patients with ACAOS and IAC after a surgical intervention [23] .
Current guidelines from American Heart Association (2008) state that "surgical repair is indicated when the left coronary arteries arise from the opposite sinus and course between the aorta and pulmonary artery. Surgical repair is also indicated when the RCA arises from the opposite sinus or courses between the aorta and pulmonary artery in association with concomitant symptoms, or when there is evidence of otherwise unexplained inducible ischemia in these territories. When the patient has an anomalous RCA and no evidence of ischemia a conser-vative approach may be reasonable" [17, 18] .
Angiographic recognition of coronary anomalies prior to cardiac surgery is of great importance. Surgical problems may follow if an anomalous vessel is excluded from perfusion during cardiopulmonary bypass or if the surgeon inadvertently incises the anomalous vessel. During valve replacement surgery, the ostium of the anomalous vessel can be obstructed or the anomalous vessel may be compressed along its course during implantation of a prosthetic aortic valve [8] .
Conclusions
We have presented a rarely seen anomaly of the Cx artery originating from the proximal RCA. The aberrant vessel had significant atherosclerotic disease. CABG was performed to re-vascularise the Cx along with relevant affected left-sided vessels. Patient made an uneventful recovery.
Wide variability exists in reporting of incidence of CAAs. Limited evidence and ongoing controversy in relation to their clinical relevance and appropriate management strategies makes CAAs a challenge for cardiologists and cardiothoracic surgeons.
